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NATIONALADVISORYCOWITTEEFORAERONAUTICS

FLIG3T-TIETEVALUATIOIVOFTHELONG~INAL STAB13ZTY~

CONTROLOHNW3%RISTICSOF 0.5-SCMEMODEISOFTHE

I&K P~(XJXESS-~CRAFTCORFIGURATIOH

By DavidG.Stone

FlighttestswereconductedattheFlightTestStationofthePilotless
AircraftResearchDivisionatWallopsIslend,Vs.,to determinethelongi-
tudinslstabilityandcontrolcharacteristicsof0.5-scalemodelsofthe
Lsrkpilotlessaircraft.Theinvestigationincludedtestsofthe@uu3ard.
configuration(tailsurfacesintertigitatedulthres~cttothewings)
havingthehorizontalwingflapsdeflected0°,15°,end60°anda test
withthetailsurfacesinlinewiththewingswithwingfla~snotdeflected.
Thedatawereobtainedby theuseofradiotelemetersandby radertracking.

Alltheconfigurationstestedpossessstaticlongitudinalstability.
Thestabilitydecreasesslightlyupto appr~tely thecriticalMach
nmberjbutwithfurtherincreasein Machnumberthestabilityincreases
severely.Alltheconfigurationstestedexhibiteddynsmlclongitudinal.
stabilitywiththeexceptionofS- dynsmicinstabilityindicatedfor
thestanderdconfiguration,flapsdeflected60°,sndforthetailinline
withthewingsconfiguration.

Aerodynamicreversalofthelongitudinal.trimmingcontroloccursfor
thestandardconfigurationwithflapsnotdeflectedandwitha flapdeflec-
tionof15°. Forthe0° flapdeflection;thereversaloccurssuddenlyat
a Machnumberof0.93andcontinuesto themaximumspeedobtainedof0.98.
Forthe15°flapdeflectiona reductionin controleffectivenessbeginsat
a Machnumberof0.’75endgradualJydecreases,becomingnegativeat a Mach
numberof0.89.

Placingthetailinlinewiththewingsresultsina considerable
reductioninthetrimming-controleffectiveness.

Theaerodynamiclagofthetrimmingcontrolencounteredinthetail-
in-lineconfigurationendthestsndardconfigurationwith&)”flapdeflec-
tionwoul.dmakeangle-of-attackstabilizationextremelydifficult.
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Theabruptchangesinthelongitudinalaccelerationindicatelarge
dmuzincreasesatcriticelMachnumbersof0.80for0°flapdeflection P
and-0.75forthel~”flapdeflection(stan&d configurati&s).

INTRODUCTION

TheNACAconductedflighttestsoftheLarkpilotless-aircraft
-.

con-
figurationtoeveluatethe~o@tudinalstability-andcontrolcharacteristic
athighsubsonicspeeds.To obtainthisinformation,0.5-scalemodels,
externallygeometricallysimilsrtotheLarkmissiles,wereconstructed
atNACAandflownattheFlightTestStationof thePilotlessAircraft
ResearchDivisionatWallopsIsland,‘la.Thispapercoverstheresults
ofalltheflightteste.Theresults-reportedhereinpertaintothe
longitudinalcharacteristicsofthestendsrd.Larkconfigurationhaving
thewingflaysdeflected0°,15°,and60°andofa configurationwith
thetailsurfacesintheseineplanewithrespecttothewingshavingthe
wingflapsnotdeflected.

—

Thefull-scaleL&k missileisdesignedtobe flownat zeroangleof
attackendsideslipfortheseekerreference;theliftandside-force
incrementsformaneuveringsretobegainedby deflectionofthehori-
zontalandverticslwingflaps;andtherudder-elevatorcontrolsurfaces

A

sretobe usedastrimmersonJy.Inthesemodelteststhecontrolsur-
facesproducedangleofattack,,buttestswithvariouswing-flapdeflec-

.—

tionsprovideddataforanevaluationoftheeffectivenessofthetrimming-
●

controlfunction.Themodelswereflownwitha programmedflicker-ty~
deflectionofthelongitudinal.trimming-controlsurfaces.

.—

SYMBOLS —

t timefromlaunching,seconds

M free-streemMachnumber

P free-streemstaticpressure,poundspersqusrefoot

~ (+)free-stresmdynamicpressure,poundspersquarefoot ~ 2

H free-streamtotalpressure,poundspersquare foot

CN
()
~~~normal-forcecoefficientgsq

.

cc chord-forcecoefficient i-
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rateofchangeofpitchingmomentwithangleofattack,foot-
poundsperradian

rateofchange
attack,per

rateofchange
degree

ofpitchingaucanentcoefficientwithangleof
degree

ofliftcoefficientwithangleofattack,~r

changeofnormalaccelerationwithelevatordeflection,per
degree

rateofchange
deflection,

rateofchange
pertigree

rateofchange
deflection,

rateof
flap

()dCm—“ rateof
‘ef~=k tion

P

5
w

s

c

al.
%

d

change

ofpitching-momentcoefficientwithelevator
perdeg$ee

ofliftcoefficientwithelevatordeflection,

ofnormal-”forcecoefficientwithelevator
perdegree

ofelevatordeflectionrequiredfortrimwith
deflectionatconstantliftcoefficient

chengeofpitching-momentcoefficientwithflapdeflec-
atconstantliftcoefficient,perdegree

periodof

nmnentof

weightof

oscillation,seconds

inertiaaboutY-axis,slug-feet2

model,pounds

horizontalwingarea,2.’725squarefeet

wingchord,0.883foot

longitudinalacceleration,feetpersecotipersecond

normalacceleration,feetpersecond

- -.._
oNFmEtwJ&:X,.— .

.

persecond

.
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accelerationofgravity,32.2feet

NACARMlio.L7126

.
persecond”persecond -.

deflectionofhorizontalwingflaps,degrees w

deflectionofrudder-elevatorsor elevators,degrees
(trailingedgedownispositive) ‘--

specificheatratio;valuetaken,1.4

MODELSANDAPPARATUS

Models

The0.5-scalemodelsusedforthisinvestigationwereexternally
gecmetricsZlysimilar.tothefull-scaleLarkpilotless-aircraftcon-
figuration.Themodeleweresimplified%verthefuU-scKl.eversionin

—

thattheydidnothaveautomaticpilotsiseekers,ailerons,orremote-
controlsystems.Themodelfuselagesandcomponentswereconstructedof ,. ---
durelumin,aluminumcastings,andmagnesiumskin.Thefuselagecon-
structionwasofthemonocoquety& separableintothreesections.

—
The

threesection8ere: thenosesectionwhi& holdsthetelemeterarid
—

batteries;thecentersectionwhichholdstherocketmotor,wings,and
compressed-airsupply;andthetailsectionwhichholdsthecontrolsystem,

~,..

t~ls, andblasttube.Themodelhorizontalwingsweremadeoflaminated
micartaandthevertical.wingsweremadeoflaminatedbeech.Thetails F
weremadeofleminatedmicarta,andsillthecontrolsurfaceswereofsoli~’
magnesiwn.

Themodelswerepropelledby a dry-fuel,Cordite,~-inch-diameter
rocketmotorwhichiscapableofproducingthrustvaryingfrom1000pounds
to1400poundsdependingupontheambienttemperatureendthemanufacturing
qualities.Theuseofa blasttubewasnecessarytolocatetherocket-
motcrcenterofgravityonapproximatelythedesiredmodelcenter-of-gravity
position.Frantestsmadeona staticthruststand,theblasttubehad
littleeffectonthethrustcharacteristics(unpublisheddata).

Figure1 presentsthegeneralarrangementofthemodelrepresenting
thestandardconfiguration,tailinterdigitatedwithrespectto thewings.
Photographsofthismodelandrocketmotorwithblasttubeareshownin
figure2. Figure3 presentsthegenerslarrangementofthemodelkaving
t~etailsurfacesinthesameplsneasthewings.A photographof this

—

modelwithrocketmotorandblasttubetsshowninfigure4.

The~ogrammedmovementoftherudder-elevatorswasacccmpli.shedby .
a compressed-airsystemwitha flicker-typeoperation.Thecontrol
surfacesmovedtogetherbetweenstopsina sq~ wavemotionatfrequencies
ofapproxhatelyens-halforthree-fourthsofa’cyclepersecond.ThiS P“

-

..



IWCARM No.L7126 5

controlmotionwasinoperationbefcmethemodelsleftthelauncherand
allduringtheflight.Figure5, a tail-viewphotographofthemodel,
showsthedeflectedcontrolsurfacesandtheendofthebleattube.The
tail-in-linetestswereaccomplishedby rotatingthetailsection,
fasteningtheverticalcontrolsurfacesat0°deflection,andconnecting ‘
theservosystemto thehorizontaloontrolsurfaceswhichwerethen
elevators.

Testsweremadewiththehorizontalwingflapsdeflected0°& 15°,
and 60°. DetailsoftheO.20-chordplain-typeflapdeflected60 ere
showninfigure6. Themomentof inertiaabouttheY-axiswasfoundby
swingingthemodelsby thetailasshowninfigure7.

Allthemodelswereground-launchedwithouta boosterona zero-
lengthlaunchersetat anglesof either30°or45°fromlevel.Photo-
graphsofthemodelsonthelauncherarepresentedInfigure8. Photo-
graphsofthelaunchingofthestandardconfigurationmodelereshown
infigure9, andfigure10 ~esentsthelaunchingofthetall-in-line
model.

Thegeneralspecificationsandweightandbalanceofellthemodels
as ccmmaredto thefuJ1-sceleaircraftaremesentedintableI endin
tableb. Thetestconditionsatthetimes-ofthelaudchingofthe
modelswereas follows:

Sea-levelSpeedof ApproximateApproximate

Configuration sound crosswind launching
(F/:;Yt) (ft/see) velocit

7
a@e

(ft/sec (deg)

‘f=
00 2144 u24 o 30

af= 15° 2131 =42 6 45

bf= (3)0 2122 1142 9 30

?)f= OO;tail 2141 UZ 6 16 45
inline

Apparatus

Thedatafromtheflightswereobtainedby theuse oftelemeters,
(IWDopplerradarandphotography.Thefour-channelradiotelemetergave

. continuoussignalsofthelongitudinalacceleration,~ormalacceleration,
impactpressure,andthecontrol-surfaceposition.‘“Aphotographofthe
radio-transmitterpertof thetelemetersystemisshowninfigure11.

4

--s09.
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Twoindependenttelemeterreceivingstationsrecordedtheradio-transmitted
data.Thetelemeterrecordswereconvertedtotheaccelerationsandcontrol P
positionsdirectlyby
pressurerecordsfrom
iollowiq

where p
Sincethe
errorsin

equation:

J?

useofpreflightcalibrationresults.Theimpact
thetelemeterswerereducedtoMachnumberby the

—

(1)

wastakenasthepressureatsealevelatthetimeofthetest~
modelsreachedan eltitudeof ody about500feet,nolarge
M areintroducedby takingp constant.

.-
—

TheCWDopplerradarservedasa checkonthevelocityobtainedfrom
thetelemeterrecords.Photographyservedasen observationforany
structuralfellureoranyflightpecul.iaritles.

TECKNIQUE

Thetechniqueof introducinga disturbanceabouttheY-axisofa body A
infreeflightandanalyzingtheresultantforcesandaccelerationswas
usedfortheinvestigationofthelongitudinalstabilitycharacteristics.
Thedisturbanceinthiscasewasthecontinuousoperationofthelongi- ti
tudinalcontrolsurfacesina square-waveflicker-type operation.,The
modelsdidnotcontainanyautomaticstabilizationsystems.

—
Rollingof

themodeldoesnotaffectthevalidityofthenormalaccelerometer
readinginthatitslwaysreadstheactualloadnormaltotheplaneof
thewingsregardlessofrollattitude.

METHOISOFANALYSIS

Thetelemeterandradarrecordswerereducedtotime-histomrecords
oftheflightasplotsofMach”number,controlposition,endno&al and
longitudinalaccelerationsversustimefromlaunching.Thenormal
accelerationandlongitudinalaccelerationwerereducedt_onormal-force
coefficientandchord-forcecoefficient,respectively.Fromplots
Of aJg wainst M anindicationoftheeff~ctiveness.ofthecontrol

n

surfaceswas ned by determiningthechangein #g forthechangean

in ~e or ‘% andcomparingtheseyaluesaqtheatat~cstability
.

Be
changedwithMachnumberandconfiguration.An indicationofthecontrol ..3..
effectivenessofthef l-sceleLarkisgainedby thetermnormal-

?)
~*

accelerationfactor, In ordertoobtainthenormal
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accelerationproducedperdegreeofelevatorcontrol
desiredwingloading,dividethenormsl-acceleration

7

deflectionforany
factorby thedesired

wingloading.Thenormal-accelerationfactorendthenormal-forcecoeffi-
cientwerebasedona linearveriationwithtimeofthewingloadingfrom
thetake-offconditiontotheburnoutcondition.

●

Evaluationsofthestaticlongitudinalstabilitywereobtainedby
analysisoftheshort-periodosciU.ationsinducedby theabruptmovement
of theelevatorcontrol.Theseshort-periodoscillationsappesredinthe
normal-accelerationcurveinthetime-historyrecords.Theperiodofthe
motionforsmallamplitudesmaybe expressedasa functionofthemoment
of inertiaandtherestoringmomentperredianmovementwithrespectto
therelativewindasfoUows:

.

.R

or

2=-*C

(2)

(3)

Thesecond-ordereffects,suchastheamplitudeoftheoscillation,were
foundtohaveno appreciableeffecton thevalueoftheperiod.However,
theeffectofdsmpingduetopitchingvelocityisnot,included,end,if
thedampingfactorislarge,someerrormaybe expected.Thismethodof
analysisoftheshort-periodoscillationsforthedetemi.nationofstatic
stabilityissimilartothatreportedinreference1 fordeterminingthe “
directionalstabilityfromflightrecords.Thevaluesof d~/da
obtainedareformodel-flightcenter-of-gravitylocationswhichvaried
approximately2 percentchordbetweenmodelsendapproximately1 percent
chordforeachmodel.A similarvariationofthemomentofinertiawas
includedinthecomputationof d(&/daforeachcase.

Approximationsoftheeffectivenessofthetrimuingcontrolmeybe
gainedby evaluatingtherateofchangeofpitchingmomentwithcontrol
deflectionsasfollows:

L)& dCm
dCm A w=—= . ——
d~e A?ieqS dCL

(4)
.

.

.

da

. .T--ID-*....-...-—
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Evaluationsby equation(4)assumeenaverage
thenormal-forcecoefficientisequivalentto

RESULTSANDDISCUSSION

Time-HistoryRecords

Stsndexdconfiguration;5S= OO.-A time

NACARM~00 L7126

Vd.UC3Of dcL/&L&@ thtlt
theliftcoefficient.

historvoftheflightofa.A . .

0.5-scalemodelLarkwiththetellinterdigitatedwithre8yecttothe
wingsandwingflapsnotdeflectedispresente&“infigure--l2.Thetotsl“-

elapsedflighttimewas5.64secondswithapproximately~ oscillations
of therudderelevators.Themaximumspeedo>tainedccmr-&!pondedtoa
Machnumberof0.98(rocketburndut)ata timeof4.03secondsafter
launching.Thedashedportionofthelongitudinal-accele~ationcurve
wasobtainedbydifferentiationofthevelocitycurve.Thiswasdone
becauseoffailureofthetelemeterreceivertorecordproperlythis
chenneluntila timeof3.4secondswasreached.

Figure13presentsthevariationofnormal-forcecoefficientwith
Machnumberforthepower-onflightperiod.Figure14presentscurves
ofchord-forcecoefficientandnormsl-forcecoefficientagainstMach
numberforthepower-offdeceleratingportionoftheflight.

Stendardconfiguration;bf= 150.-A timehistoryoftheflightof
a modelwiththehorizontalwingflapsdeflected15°”ispresentedin
figure15. Thetotalelapsedflighttimewas9.60SecOnb-.The~fmum
speedcorrespondedtoa Machnumberof0.92(rocketburnout)ata time
of3.7secondsafterlaunching.ThedashedpartoftheMachnumbercurve
wasobtainedby integrationofthelongitudinal-accelerationcurve. .-

Figure16presentsthevariationofnormal-forcecoefficientwith
Machnumberforthepower-onpartoftheflight,Themexigumv&Lueof CN
obtainedisnearthestalledregionfortheLarkconfiguration.Figure17
presentscurvesofchord-forceandnormel-forcecoefficientsforthe
power-offdeceleratingpartoftheflight.

Stendardconfiguration;bf= 600.-A timehistoryoftheflightofa
modelwiththehorizontal.wingflapsdeflected&l”ispresentedinfig-
ure18. Thetotalelapsedflighttimewas17.9seconds.As determined
fromvisualandphotographicobservation,themodelbegana slowroll.
near t =-1.8 indica~i~thattherightwingfl&ploosenedresulting
inunknowndeflections,andnear t = 7.0 therightwingflapbrokeoff
causinga severeroll.Furtherrecordconversionbeyondthetimethe
flapbrokeoffwasconsideredunnecesswy.Shemaximumspeedobtained

.

w

.-

—

--
—

h

—

-—

.—

. . —

--

G “-. .—
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correspondedto a Machnumberof0.91(rocketburnout)at a timeof
3“78secondsafterlaunching.ThedashedMachnumbercurvewasobtained
by integrationofthelongitudinal.acceleration.F% thisflightthe
total.headchannelendtheDoyplerradarfailedtorecordproperly.

Figure19 presentsthevariationofnormal-forcecoefficientwith
Machnumberforthepower-onflightperiod.Figure20 presentscurves
ofchord-forceandnormal-forcecoefficientsforthepower-offdecelerating
partoftheflight.

Tail-in-lineconfiguration;~f= OO.-A timehistoryoftheflightof
a 0.7-scalemodelLarkwiththetailinlinewiththewingsend ~f= 0°
ispresentedin figure21. Thetotelelapsedflfghttimewas40.8seconds.
Onlythefirst8 secondsoftheflightwerepresentedsinceafterthis
timeno chsngein therecordedcharacteristicswasnoteduntilthecom-
pressedairfortheservosystemwasexpendeda fewsecondslater.The
meximumspeedobtainedcorrespondedto a Machnumberof0.87(rooket
burnout)at t =’3.86.ThedashedMachnumbercurvewasobtainedby
integrationofthelongitudinalaccelerationwiththehitielpointat
t = 2.4 wherethedatafromthetotelheadchannelandtheradarcheck
exactl.y.Thelowmeximunvelocityasccmparedwiththatshownforthe
standardconfigurationcenbe attributedtopoorrocketthrustas indicated
by alz 7g ascomperedwith az% 9g inprevioustests.After t = 3.8
thetotalheadchannelfailedtorecordpro~rly,andtherecordingtime
oftheradarwasexpendedat t = 3.6.

Figure
Machnumber
chord-force
partofthe

22presentsthevariation ofno--force coefficientfith
forthepower-on
andnormal-force
flight.

Referringto figure12,

flightperiod.Figure23 presentscurvesof
coefficientsforthepower-offdecelerating

Drag

recordofthemodelwithwingflapsnot
deflected,thelargedecreaseinlongitudinalacceleratio~duringpowered
flightwhichoccursat M = 0.8 (t= 2.9) indicatesa largeincreasein
thedrag.Also,thedragremainedhigh,asindicatedby theixmnediate
decelerationduringthepower-offflight.Unpublishedhigh-speedwind-
tunneldatafromtestsofthisconfigurationshowa largedragincrease
near M= 0.8, thecriticalMachnumber.

Againa largeincreasein thedragisindicatedforthe bf=15°
configuration(referto fig.15)by thedecreaseinthelonaitudlnalaccelera-

. tionathighnormsl
cc aboveM = 0.75
thedragincrease.

d

accele~ationsnear M = 0.75. ~SO, th;
ascomparedtothoseatlowervaluesof

highervslueof
M. indicates
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AnindicationofthedragrisewithMachnumberforthetail-in-line
configurationmaybe shownby consideringthatwhere CN= O the CC is c
equivalenttothedragcoefficient.As showninfigure23,at M = 0.81
(t= 4.79)thedragcoefficientisO.O@ decreasing”to0.033at M= 0.73
(t= 7.56).

LongitudinalStability

Staticstability.-Thevsluesoftheperiodoftheshort-periodoscil-
lationinducedby thesuddencontrolmovementdeterminedframthetim-
historyrecordsarepresentedinfigure24 toshowthevariationofthe
periodwithMachnumber.Thescatterofthetestpointsonfigure24
indicatestheemountoferrorindeterminingP. Theconsiderablescatter
forthe 6fX 60° configurationmaybe duetolooseningoftheflap.

Figure25 presentsthestaticlongitudinal.stability,ascomputed
usingequation(3),asa functionofMachnumber.Forthestandardcon-
figuration,as M increases,thestabilitydecreasesslightly;thenas
M increasesfurther,thestabilityincreasesseverely,especiallyafter
thecriticalMachnumber.Forthetail-in-lineconfigurationthestatic
stabilityislessatlowMachnmbersbutincreasesfaste~andisgreater

—

as M Increases,ascomparedwiththetailinterdigitatedwiththewings.
Thesedataindicatethatthestaticlongitudinalstabilitychangesrapidly

r

withliftcoefficientandMachnumber.Ingeneral,deflectingtheflaps
reducesthestaticstabilityatlowMachnumbers,butthelargeincreases
in thestabilitynearthecriticalspeedoccuratlowerMachnumbersthan

w.

withoutdeflectionoftheflaps.
.-

By takingthevalueoftheslopeoftheliftcurvedCL/datobe 0.08
(~publishedwind-tunneldata),andincludingthevsriationofcenterof
gravity,theneutralpointswerecomputedfortheseconditions.These
neutralpoints,ofcourse,donotincludetheprobablechangesin dCL/dU
beyondthecriticalMachnumber.Thevariationoftheneutralpuintswith
M foralltheconfigurationstestedisgiveninfigure26..Againthe
increaseinstabilityisindicatedby thelargeresrwardmovementofthe‘
neutral.pointas M increasesabove0.70..

—

Dynamicstability.-A qualitativeevaluationofthedynamicstability
w be determinedby inspectionofthedampingoftheshort-periodoscil-

—

lationinducedbytheabruptcontrolmovement.Referri~to thetime-
historyrecords,-figures~, 15,18,and21,
maybemadeoftheaveragetimeforcomplete

thefol.lowi&comparison
dampingoftheoscillation:

.

*

..~ ___

coNFiiiNTqf

——
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Averagetimeforcompletedamping
ControldweJJ (see)

Configuration time
(see) Positiveg Negativeg

af= 0° 1.1 0.8 0.5to O*7

bf= ~50 1.8 0.8 0.8

5f$#60° 0.6 Notdampedin Undampedoscillation
dwelltime duringdwelltime

5f= OO; 0.6 0.4tonotdamped O*3
tail inline indwelJ.time

●

Thetendencyforthedynamicinstabilityforthe Gf~ 60° configuration
maybe causedbytheslippageofthewingflap.

Control

Controlreversa.-Referring
standardconfiguration~f= 0°,
tlon,withtheusualshort-pmiod
therudder-elevatorsuntila Mach
with6.5°up-elevator,thenormal.

Effectiveness

to figure12,time-historyrecordof
itmaybe seenthatthenormalaccelera-
oscillation,followedthedeflectionof
numberof0.93wasreached.At M= 0.93,
accelerationsuddenlychangedfrcma

positivevalueof@g to a negativevalueof’4g. Thisreversalof10ngi-
tudinalcontrolcontinuedasthespeedincreasedto M = 0.98. Control
wasfullyreestablishedwhenthespeeddecreasedto M = 0.92.Thecause
ofthiscontrolreversalmaybe attributedto my combinationof the
followinghigh-speedeffects:(1)smft oftheangleof zeroliftofthe
camberedhorizontalwing,(2)lossofrudder-elevatoreffectiveness,
(3)revers~ofttileffectivenessat smalJrudder-elevatordeflections
becauseof a shiftoftheangleof zeroliftoftheeffectivelycambered
tail,and(k)wing-wakeeffects.TestsbyRM-5rocket-propelledmodels
of0.2-chord,plainaileronsona straightwing,9 percentthick(refer-
ence2),indicatea similarphenomenonby showingan abruptreductionin
rollingcontroleffectivenessatthesamespeeds.

A@infor theflightofthestandardconfiguration~f= 15° a
reversalofthelongitudinalcontrolwasencountered.Referringtofig-
ure15, it maybe seenthatthenormalacceleration,withtheusualshort-
periodoscillations,followedthedeflectionof therudder-elevatorsuntil
a Machnumberof0.75wasreached(t%2.6). Withapproximately8.5°up-
elevator,thenormalaccelerationchangedfrcma positivevalueofabout20g
atM= 0.75 toa negativevalueof5gat M = 0.92. As thespeeddecreased
from M = 0.92 (ts4.2),thelongitudinal.controlwasgraduallyreestab-
lished.Controlwasfullyrestoredwhenthespeeddecreasedto M = 0.75
(t %5.3). Theresultsshowan increaseofeffectivenessofthelongitudinal
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.

controlinproducingnormalaccelerationsupto M = 0.75_wherethis
effectivenessgraduallydecreased,becomingnegativeat M = 0.89.

Theeffectsofthisaerodynamiccontrolreversalontheshabilityof
an autopilotsystemwouldbe suchasto causethemissiletodivergefrom
a stabilizedflightpath.Thereductionincontroleffectivenesspreceding
thereversalwouldfurthercomyllcatetheautomaticstabilityproblem.

Forthestandardconfigurationtjfm 600 andthetail-in-linecon-
figuration5f= 0° noreversslofthelongitudinalcontrolwasencountered.

Abilityofcontroltoproducenormalacceleration.-Theabilityofthe
longitudinalcontrolsurfacestoproducenormalaccelerationisshownin
figure27 asplotsof #g againstM. Thedashedl@es aretheinter-..
polationofthedatabetweenregionsofthessmscontrol@flection.The_
differencesbetweencurvesofpower-onandpower-offflightwereprobably
causedby thrustmissllnementwiththecenterofgravity.Thenormal-
acceleration-producingability,orchangein ~/g forthechangein 5.,”

&()g
me ‘ asdeterminedfromfigure27 isgiveninfigure28.

Thenormalaccelerationproducingcapabilitiesofthecontrolsurfaces
oftheLarkmissileconfigurationforanywingloadingarepresentedin

u
~

(?
figure29 asa plotofnormal-accelerationfactor *5 ~ againbtMach

e
number.For example,at M = 0.75 thefollowingcomparisonsof thenormal
accelerationsproducedperdegreeofelevatordeflectionmaybemade:

0°

&)”
OO;

tallinline

0.5-scalemodel

w/s
(lb/sqft)

—3T9—

36.6

39.2

38.k

——

;enterof an/g

F

avlty perpercent ~
chord) e

16.64

L

-0.86

lg.a -1.95

18. @ -1.20

~8. d) -.26

Full-scaleaircraft

Centerof
w/s

T
avity

:lb/sqft] percent
chord)

1-1o 16.64

llo 19.6L

32.0 18.60

110 ~ 18.&I

%Ji3
per
be

0.30

-.65

-.43

-.09

.-

-.
—

.— -.

. —
“.

—

,,

—.—
.—

—

.

.
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Itisevidentthatplacingthetailinlinetith
appreciablereductioninthenormalacceleration
The
and
the

thewingsresultsinen
producingcapabilities.

changesincontroleffectivenessforthetail-in-lineconfiguration
the bf ~ 60° configuration~ be attributed’towakeeffectsfrom
wing fifectingthetailsurfaces.

An estimationofthecontroleffectivenessintermsof dC~d5e
begainedbytheuseofequation(4)assumingthevalu:moftheslope

oftheliftcurve.Forexample,at M = 0.75, %~Sllllling~ = 0.08,

thefollowingvaluesof d~d~e ~ be obtti~d:

I
0°

15°

69°

OO;tailinline

-0.016
-0.@2 (highCN)

-0.017(highCN)

-0.004

Aerodynamiclag.-Alsoshowninthetime-historyrecords(figs.12,
15,18,and21),theproductionofnormslaccelerationlagstheapplica-
tionofcontroldeflection.Forthestandardconfiguration~f= 0°
and tif= 15°, thelaginproducednormslaccelerationisapproximately
0.05second.Placingthetailinlinewiththewingsincreasedthelag
timeto0.10andto0.15second.Similarly,deflectingthewingflap60°
increasedthelagtimetoover0.10second.Thisaerodynticlaginthe
effectivenessofthecontrolsmaybe duetowakeinterferencefromthe
wing. Theaerodynamiclagofthetrimmingcontrolencounteredinthe
tail-in-lineconfigurationendthestandardconfigurationflaysdeflected
60°issuchas tomakeangle-of-attackstabilizationonthefull-scale
missileverydifficult.

Wingflapeffecton trim.-An estimationoftheeffectofwingflap
deflectionon thepitching-momentcoefficientat constantliftata given
Machnumberw begainedby consideringthefollowing:

(5)
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where

. . . ..=.-. —..

.

(6) ‘

Theterm
()
% meybe determinedfrm figure27by evaluatingthe
‘bf%“k

Ee %requiredfor — = k
%

at a givenMachnumberuei~ the ?)f= 0° con-

figurationforthereference.Thereforetherateofchangeofpitching-
mo~nt coefficientwithflapdeflectionatconstantliftis

da

(7)

Forexemple,using
dch

%
equatio(7),computingat M = 0.75for — = O

()

.=
dCm %

endassuming# = 0.08, ~ L -0.~~4 for ~f= 15°ad 0.00006
f ~.o .

for bf- &)oe Thepositive-sign-forthe bf~ 60° co@igurationinficates_
thelargeincreaseinwakeeffectsuponthetailaccompanyingthelerge
flap
tion

deflection.Themagnitudesoftievalues.showt&t wi~ flapde~lec-
caueesnolargechangesintrimnearzerolift. —

RECOWNDATION

Ande ofattack.-It isrecommendedthatallmodelstobeusedfor
thestudyoflongitudinalstabilityendcontrolbeequippedwithangle-
of-attackinstrumentation.Theadditionofan-e-of-attackindicator
onmodelstestedinfreeflightwouldremovemostoftheassumptionsand
errorsinthequantitativecalculationsofthestabilityand.control
effectiveness.

CONCLUSIONS

Fromtheresultsofflighttestsof0.5-sciilemodels-toevaluate
thelongitudinalstabilityandcontrolcharacteristicsoftheLark
pilotle&-aircraftconfi&ation,thefollowing
indicated:

generalconclusionsare
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1.Alltheconfigurationstestedpossessstaticlongitudinalstability.
Thestabilitydecreasedslightlyup toapproximatelythecriticeJ.Mach

a nm.uher,butwithfurtherincreaseinMachnumberthestabilityincreased
severely.Alsothedataindicatethatwithwingflapsdeflectedthe
stabilitychangeswithincreasingliftcoefficientaswellaswithMach
number.

2.All.theconfigurationstestedexhibiteddynamiclongitudinal
stabilitywiththeexceptionofsomedynamicinstabilityindicatedfor
thestandardconfiguration(tailinterdigitated)bf% @o endforthe
tailinlinewiththewingsconfiguration.

3.Reversalofthelcauitudinaltrlmmiuzcontroloccursforthe
stand&dconfigurationwith-~f= 0°
case,thereversaloccurssuddenlyat
maximumspeedobtainedof M = 0.98.
incontroleffectivenessbeginsat M
becomingnegativeat M = 0.89.

4. Placingthetailinlinewith

and b;= 15°. For the Sf= 0°
M= 0.93 andcontinuestothe
Forthe ~f= 15° case,a reduction
= 0.75 endgraduallydecreases

thewingsresultsina considerable—
reductioninthetrimd.ngcontroleffectiveness.

5.Theaerodynamic lag ofthetrimmingcontrolencounteredinthe
tail-in-lineconfigurationandthestandardconfiguration,5f* 60°
wouldmakeangle-of-attackstabilizationextremelydifficult.

. 6. Theabruptchangesinthelongitudinalaccelerationindicate
largedragincreasesat criticalMachnmbersof0.8for bf= 0° end
0.75for af= 15° (standardconfigurations).

LangleyManorialAeronautical.Laboratory
HationalAdviso~CommitteeforAeronautics

LangleyField,Va.
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.

?. Ssndehl, Carl A.,andMarine,AlfredA.: Free-FlightInvestigationof
ControlEffectivenessofFull-Span0.24hordplainAileronsatHigh
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TABLEI.—GEEERALSPECIFICM’IOHS

0.5-8calemcdela

Item FuU.-scala
aircraft standard Tail-in-ldw

Confxguration Configuraticul

puael~:
Over-aJJlength,in. 164
Maximumdiameter,in. 17 :5 :5

mlge :
Aspxt ratio 3+;9 3.49
Total span, in.

3.49
3’7

Chard(conataut),in. 21.2 1;76 10.6
Augleof incidence,dag o 0 0
Dihedral,deg o 0 0
Sweep,deg o 0 0
Airfoilsection:

Horizontalving HACA16-209 NACA16-209
Vartlcalwing

NACA16-209
MICA16+X9 RACA16-009 liACA16-009

Wing area(perpairinoluding
fwelage),aq ft 10.9 2.725 ‘ 2.725

Pailsurfaces:
True epan,In. 48 24 24
Chord(conatent), in. 15.4 7.7 7.7
Angleof incidence,deg o
Dihedral,deg 4; 4; ‘ o
Sweep,deg o
Airfoilsection HACA:6-008 NACA16-008 mcA 16ix18
Horizontalarea(inchdlng

fueolage),13~ft Totalprojected Totalprojected 1.283
7.25 1.813

IWmmA.L fom’mRY
COMDTMX3 FORAJEIOEAUPICS

?!
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TABIX II.- (xEERALSPMXFICATIOHS

canta-of’- Veight Ving loading
Mcmantof inertia

Propulaicm gravity locaticm (lb) (lb/aqft) about x-axis

(peroant chord) (slug-fta)
MOdel

ApproxWteApprcrclnate
TYP tbruat durationTake-offBurnoutTeke-offBurnoutTake-offBurnoutTake-offBurnoutrceket (lb) (Eec)

standard
:onfigura$ion
t3f-o Powder lxm 4.0 15.20 17.40 124.7 97.3 45.7 35.7 8.90 8.50

Staoaard
:onfigura~lon
bf= 15 POvdBr 13ciJ 3.6 18.58 lg.th J-27.4 99.9 46.7 36.6 8.30 +.90

stha
mnfiguratlan
8f= tio Pcwler 1200 3.8 19.34 18.29 12~.1 59.6 46.6 36.6 9.30 8.@

TeJ1-in-llne
Xnfiguration
Bf= 00 Pouder 1000 3.9 18.86 18.51 125.4 97.9 ~-o 35.9 8.30 7,85

Pull-scale
airoraft Liquid 630 220 20.00 20,00 lCM).O ---- Ilo.o ---- 221. ----

:amox. )
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Figure2.- Photographs of O.5-scale standard configuration model Lark and rocket motor

with blast tube.
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Figure2.- Concluded.
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Figure4.- Pho@raph oftail-in-linemodelwithrocketmotorsndblasttube.
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I?lgure5.- Tail-viewphotographofa 0.5-scalemode

.

.

Figure 6.- Horizontalwingflapdeflected600onstandard
configurationmodel.
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Figure 7.- Modelmountedonswingingrigfordeter- the
moment ofinertia.
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(a) Standardconfigurationmodel; ~= 60°.

(b) Tail-in-linemodel;

Figure 8.- ModelLarks
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onlauncher.
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Figure 9.- Launch$&jof0.5-scalemodelLark;standardconfiguration;f= 600.
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I?igure11.- Photographoftheradio-transmitterpartofthe
telemetersystem.
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Egure 12.-Varla+lon of Mach

accelerations wiff7 flme.
numbe~ rudder-elevator deflection, and normol and bngt fudinal

O 5-scale model Lank of sfandoni con figum%n; *U ti
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